Biomechanical Model
With the origin of the coordinate system at the center of the distal joint, the x-axis is taken to be aligned along the line connecting the center of the distal and proximal joint centers such that y-axis represents the in-plane transverse direction and the angle of inclination of the x-axis with the vertical is θ. The offset between the vertical forces at the distal and proximal ends of the femur is, d = L sin θ. From the actual bone, the profile of the axis of the bone is approximated by a fourth order Lagrangian polynomial that passes through the measured transverse coordinates at five different locations along the femur, including the proximal and distal ends. The bone axis normalised by the bone length, L, is :
where, x = x/L and y = y/L and all the lengths are in centimetres.
For any cross-section along the length, using the static equilibrium, the axial force, F (x), shear force, V (x), and the bending moment, M (x), can be calculated to be:
V (x) = − cos α(P y − P x tan α),
where, α is the angle that the normal to the cross-section makes with the x-axis, and x ′ = x cos α + y sin α and y ′ = y cos α − x sin α.
At the anterior and posterior sites, the shear stresses generated due to the shear force are negligible at the anterior and posterior sites. The normal stresses develop due to the combined effect of the compressive stresses due to axial force and the bending stresses due to the bending moment acting at the cross-section as:
where, d o is the outer diameter, A(x) is the cross sectional area and I(x), the second moment of area for the cross-section.
